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T he development of an animal model for studying 
the pathogenesis of pemphigus vulgaris (PV) has been 
hampered by the unavailability of the purified full-
length autoantigen desmoglein 3 (Dsg 3) . Therefore, 
w e expressed Dsg 3 using a baculovirus expression 
system. The expressed protein was identified as Dsg 3 
by its reactivity with a pan-cadherin anti-serum, an 
anti-serum to a Dsg 3 synthetic peptide, or patient 
serum, and by amino- terminal sequencing. Carbohy-
drate analysis showed that recombinant Dsg 3 was 
glycosylated. While a majority of the recombinant 
protein was cell associated, by immunoprecipitation, 
some Dsg 3 was demonstrated in the medium. The 
P emphigus vulgaris (PV) is an antibody-mediated auto-immune disease affecting strati fie d squ am ous epithelia. The auto immune nature of PV has been dem o nstrated by passive tran sfer of e ither lymphocytes or serum fro m PV patients to mice. SC rD mice with human skin grafts 
tha t w ere reconstitu ted with peripheral blood lymphocytes from PV 
patients produced autoantibodies and developed blisters typical o f 
PV [1]. Passive transfer of serum rgG from a PV patient into 
neonatal mice also produ ced blisters charac teristic o f PV [2] . T hese 
studies showed that the disease is m ediated by autoantibodies. 
Until recently, the target antigen fo r PV rem ain ed elusive. A few 
years ago, however, a 130-kDa protein w as recognized as the PV 
antigen (PVA), and a full-l ength cDNA that encodes a human PYA 
was clo ned [3] . B ased on the cDNA sequence, this PYA w as 
identified as a glycoprotein belonging to the cadherin r.,mily of 
calcium-dependent ho m otypic adhesion m olecul es. Like o ther cad-
herins, PYA has fiv e extracellular domains, a transm embrane 
segment, and a cytoplasmic tail , which interacts with the cytoskel-
eton [3]. Within the cadherin fa mily, PY A has the m ost cDNA 
sequence ho m ology with th e desm ogleins . T here fo re , PV A is 
recognized as desmoglein 3 (Dsg 3) [4] and is distinct from 
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Dsg 3 could adsorb out blister-causing antibodies 
from patient sera. Rabbit anti-Dsg 3 antibodies in-
duced by the recombinant Dsg 3 showed specific 
binding to intercellular spaces of monkey esophagus 
by indirect immunofluorescence. Moreover, these 
antibodies induced PV -like blisters in neonatal mice 
and weakly bound perilesional epidermis . A v ailabil-
ity of large quantities of relatively pure Dsg 3 should 
now facilitate studies aimed at understanding Dsg 3 
structure and pathogenesis of PV, with implications 
for developing specific hnmunotherapies. K ey lVol'ds: 
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desmoglein 1, w hich is a target antigen in ano ther auto immune 
disease o f the skin , pemphigus foliaceous. 
Segm ents o f Dsg 3 expressed as J3-galactosidase fusion pro teins 
[5] have been used to identify PYA dom ains to which blister 
forming an tibodies can bind. PV patient antibodies that bo und 
distal do main s o f D sg 3 (extrace]]ular domains 1 and 2) ca used 
microscopic suprabasilar acantholysis , w hile antibodies that bo und 
the proximal do m ains (extracellular dom ains 3-5) did no t; how-
ever, antibodies that di d not bind to either of the affini ty colu ITUls 
could cause gross blisters. T hese data indicated that m any epitopes, 
with which pathogenic antibodies could react, were absen t from 
the expressed D sg 3 fra gm ents, or that antibodies to skin structures 
other than Dsg 3 were invo lved . T hese results migh t be due to a 
lack of important post-translational m odifications because of p ro-
tein expression in a procaryotic system . Al ternatively, the confor-
m ation of the expressed D sg 3 segm ents might have been disrup ted 
due to fragm entation of the extracellul ar dom ains or th e p resence 
of J3-galactosidase in the fu sio n pro tein . In a subsequen t study, a 
chimeric protein contain ing the extracellular dom ain o f D sg 3 and 
the constant region of human IgG1 (PV-Ig) was expressed in insect 
cells [6]. T his chimeric prote in could adsorb out all of the blister 
causing an tibodies fro m PV sera, indicating that antibodies against 
th e extracellular dom ain o f Dsg 3 were adequate to cau se the 
p athology seen in PV. T h ese studies, however, did not indicate 
whe ther Dsg 3 could induce the productio n of blister-fo nning 
antibodies. 
In order to carryout system atic studies to understand the patho-
genesis o f PV and structure of Dsg 3, a re latively lar ge amo unt of 
purified D sg 3 is requi red . To date , ho wever, the full-l ength Dsg 3 
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has no t been successfully puri fied fro m tissues, nor h as th e recom-
bin ant protein been expressed . Sin ce the ba culov irus system has 
been used to express a large number of functiona ll y active human 
proteins, including the ex tracellular domain ofDsg 3, we attempted 
to express the fu ll-leng th Dsg 3 . In the present report, we describe 
successful purification an d characterization of the full-l e ngth Dsg 3 
expressed in insect cells. D sg 3 was used to immunize a rabbit. T h e 
rabbit anti-Dsg 3 seru m caused PV-like blisters in neonatal mice, 
suggesting tha t PV A might be sufrtcient to induce PV. 
MATEIU ALS AND METHODS 
Construction a nd Subclolling of thc F ull-Lcngth PYA into an 
Exprcssion Plasmid T he 3336-bp full-length cONA for Osg 3 was 
constructed from two partially overlappi ng cONA fragments [3]: E33 (base 
pairs 1-11 90) and E12 (base pairs 928-3~36). E33 and E12 (generous gift 
fro m Dr. J .R. Stanley, Dermatology Branch. N atio nal Cancer Institute, 
'Natio nal Institutes of Hea lth) were do uble d igested with X ba I, which cuts 
at 1025 bp of the eDNA. and Not I, which excises the eDNA inse rts from 
the plasmid, and ligated . The ligated full-l ength cO NA for Osg 3 was 
inserted in to the Not I site of the baculovirus expression vector PVL1 393 
(Pharmingen, Sa n Diego. CAl downstream of the po lyhedrin promoter. 
T he ti.,II-length Dsg 3 cD NA sequence inserted into PVL1393 contained 83 
bp upstream of the Osg 3 translatio n initiatio n site, and 253 bp dow nstream 
of the translation termina tio n sequence. 
Expression ofFull-Lcngth Dsg 3 in Insect Cclls In o rder to generate 
recombinal1t bilculovirus, 2 ILg of PVL1 393 containjng the fu ll - length 
human Osg 3 cONA was m ixed with 0.25 !kg BaculoGold baculovirus DNA 
(Pharmingen) in the presence of 0.75 ml tra nsfection buffer (25 mM 
N-2-hydroxye thylpiperazine-N ' -2-ethanesu lfon ic acid, pH 7.1, '140 mM 
NaCI. 125 rnM CaCI2). The tral1sfection mjxture was added dropwise to a 
monolayer of hjgh-5 insect cell s (Tricl/Opillsin IIi. T N-5) (Invitrogen, San 
~iego. CAl cul tured in Exce ll 400 serum-free medium URH Biosciences, 
Lenexa , KS). The culture was kept at 27°C for 4 h , w hcn the attached cc ll s 
were washed o ncc with fres h Exce ll 400 medium . T he culture was 
ma in ta in ed in the same medium for 5 d and then harvested. To generate 
hjgh tite r virus stock. cells were in fected with a multipli city of infectio n 
(MO L) of 1 . For prote in production and the time course study of o ptimal 
PV A expressio n, 10 MO l of virus was added, and the ce ll culture was 
harvested at different time points (50, 55. 60. 65 . 70. 75. 80, and 85 h 
postinfection) . The ce ll pellet was lysed w ith lys is buffer (1 % N onidet P-4 0 
in 30 mM T ri s. pH 7.5, 150 mM NaCI, 10 mM Mg acetate, and 2 mM 
CaCI2) at 37°C fo r 'IS min. The majority of Osg 3 was pell eted by 
centri fuga tion at 2300g for 10 min . The pellet was resuspended in high sa lt 
buffer (30 mM Tris-H C I. pH 7.4, 10 mM MgCI2' 0.4 M (NH.,hSO." and 2 
mM CaCI2) and incubated at room temperatu re fo r 15 min . T he Dsg 3 
pellet was so lubilized ill 1% sodium dodccyl sul fate (SDS). 10% dimethyl-
sulfox ide. 0. 1 111M CaCI, in phosphate-buffered saLine (PBS). pH 7.4 . All 
bufi:c rs co ntai ned the protease inhibi tors phenylmethylsulfonylfluoride (0,5 
M) , aproti nin (5 ILg/m l) , and leupe ptin (5 ILg/ml) . 
Gel Purification and Rcnaturing of Dsg 3 Prote in samples were 
mixed 'I :'1 in loading buffer ('1 00 mM Tris-HCL. pH 6.8 . 4% SOS, 2'1., 
llromopheno l I3lue . 20% glycerol. and 5% 2- {3-mercaptoethano l). bo iled for 
5 min , separated o n 8"/0, SOS-polyacrylamide gel, and stained with 0.1% 
Coom assic brilljant blue G250 in 40% methano l ;tnd 10% acetic acid. Fo r gel 
purifica tion ofOsg 3. the protein sam ple was loaded onto an 8'Y" preparati ve 
po lyacry hll11ide gel flanked w ith b road range presta ined molecular weight 
markers (BioRad, Hercules . C Al. T he proteins we re separated at 200 V fo r 
5 h. and a 5 n1l11-wide band . correspo nding to the 11 5-kOa prestained 
Imlrker, was excised. The ge l. containing bo th the 130- and 115-kOa Osg 
3 species. was incuba ted for 2 h at 37°C in bicarbonate elution bulfer (50 
mM ammo njum bicarbonate, 0.1 % SDS). The eluted Dsg 3 was Iyophiljzed , 
and the SOS was rem oved by repeated washings with co ld 80'1., ;,cetone [7], 
This gel pure protein was lIse d fo r iI11I11Uniztltions. For re na turing Dsg 3, 1 
Illg of gel p"re protcin was so lubilized in 40 ml of 6 M guanidine-HC I, and 
then neutra lized w ith 20 ml of l M Tris-HC I, 1'1-1 7.5, and diluted to 160 m l 
with water containing cquilllo lar concentrations of cys tine and cyste ine 
(final concentrations of 1 mM each) . T he so lu tion was kept at 4°C 
ovcrnight and thc n di alyzed against 4 li tcrs of 0 ,1 % ammonium bica rbo nate. 
w ith three changes , T he d ialyzed solu tion was lyop hilized and resuspended 
in 100 mM T ri s-H C I, pl-l 7.5. 2 mM CaCI, 18], 
Immunoblotting and hnmunoprccipitation ofDsg 3 For imm uno-
blotting, the prote ins we re separated by SOS-PAGE and electropho retica ll y 
transfe rred to nitroce llulose membranes. The blo ts were incubated for 2 h 
at room temperature in blocking buffer (5% no nfat dry milk in 200 mM 
NaC I. 15 mM Tris- H C I. pH 7.4. and 0.1% Twecn-20). T he membranes 
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werc incubated with varying d ilutio ns o f primary antibodies for 2 h at room 
temperature: rabbit pan-cadherin at 1:1 00 (S igma C hemica l Co., St. Louis, 
MO) ; normal rabbit pre- immune serulll at 1 :500 or 1 :50 : rabbi t anti-Osg 3 
at 1 :500; rabbit .mti-Dsg 3 peptide antiserum at 1 :50. For adsorbing the 
anti-pcptide an tibodies. 100 ILl of undilu ted anti peptide serum was incu-
bated with 11 .38 ILg of unconjugated pepride. at room temperature fo r 2 h, 
centrifuged at 2300g for 10 min, and then the supernatant was dilu ted to 
1 :50 prio r to use. Afre r washing . b lo ts we re incubated for 1 h at room 
temperature in peroxidase-labeled goat anti-rabbit IgG (Pierce, R ockford, 
I L) dil uted 1 : 1000. T he blots were de veloped using 4 ' - chloro-1-naphthol as 
the substrate. For immunoprec ipitatioll of Osg 3 fro m the medium, 10 ml of 
culture m edium that had been c1;I\'ified by centrifugation at 2300g for 15 Illj" 
was mixed with 1 00 ILl of rabbit anti-Osg 3 pep tide anti serum or PV patienr 
sc rull1 and incubated for 4 h at room temperature. To this. 20 ILg of 
Immuno-Precipi tin (Gibco I3RL, Ga ithersburg . MO) was added and incu-
batcd at room temperaturc fo r 1 It. and then cen trifi.lgcd at 2300g for 10 min , 
T he pe llet was washed twice in I'I3S and thcn bo iled in -10 III of 
SOS-polyacrylamide gel electrophoresis (PAGE) loading buffer, and sub-
jccted to SOS-PA GE, The separated protcins were transferred to nitrocel-
lulose and stained with rabbit 3nti-Osg 3 or rabbit pre-immunization serum 
diluted 1 :500 as described above. 
Amino Acid Scqucncc Analysis T he so lubili zed high-sa lt pellet of the 
recombinant culture waS subjected to SOS-PAGE. transferred to PVDF 
mcmbrane, and sta ined with amido black , and the 115- and 130-kDa bands 
were excised for am ino terminus sequencing [9J. 
Carbohydratc Compositional Analysis Twenty micrograms of lysate 
fi'o m Osg 3 recombinant virus infecccd ce lls was subjected to SOS-PAGE. 
and transferred to PVOF m embrane. T he rela tive amoun t of Dsg 3 ill the 
preparation was determincd and uscd to quantiry the carbo hydrate residues. 
T he :I 30- and 115-kOa bands on PV OF membrane were cut into small 
pieces and hyd rolyzed w ith 2 ,75 M trifluo roacetic acid (Sequanal grade; 
Piercc. R ockford. IL) in a fina l vo lume of 200 ILl at 100°C for 4 h. The 
hydrolysate was dri ed and resuspended in 50 !kl de ionizcd water, and 
dup licate aliquots were analyzed for carbohyd rate composition 'by high-pH 
anion cxchange chromatography o n a Oionex 13ioLC system using an AS6 
lo npak column (Oionex. Sunnyvale , CAl. T he mo nosaccharides werc 
eluted isocrati ca lly using J 2 mM NaOH and detected by pulse arnperol1\ct-
ri c detector with no postcolumn base addition, 
Rabbit Itnmunizations Pre- imm une sera fi'om two male New Zealand 
White rabbits we re obta incd. Both rabbits were first immunized subcuta-
neously w ith antigen in Frcund's complete adj uvant (1:1) (Sigma) and 
subsequentl y w ith antigen in Freund 's incomplete adju vant (Siglllil) in a 
tota l volume of I m\. Rabb it 1 was injected with ge l-purified unrefolded 
Osg 3: 200 Ilg on day 0; 100 ILg On day 9; 50 ILg on da y 18; 25 ILg on dar 
26 , O n day 50, 20 ILg of refolded Osg 3 was injccted. 13Iood was collected 
fi'o l11 the ca r ve in o n da y 37 and 73, Rabbit 2 was injected with all 
immunogenic pepride corresponding to amino acids 48-68 of the extracel-
lular domain of Osg 3, with thc fo llowing scquence: K-R.-E-W-V-K-F-A-
K-P-C-R.-E-G-E-O-N-S-K-R.-N, T he pcptide was synthesized at the Mayo 
C linic Protc in Core f:l cili t), with an AllI 431A automated peptide syntlle-
sizer (Applied l3iosystems. Inc .• Foster C ity , CAl [1] . Prior to immunization 
of Rabbit 2, the peptide was conjugated to KLH using a commercial kit 
(Imjcct Super Carri er EOC system for peptides. Rockford, IL). T he protein 
concentration of the conjugated peptide fi'a cti ons was quantified using a 
commcrcial !cit (DCA Protein Assay Rcagent; Pie rce, Rockfo rd. 11.) and 
injected into Rabbit 2 as fo Uows: 350 ILg o n day 0; 200 ILg o n day 12; 200 
ILg on da y 26 ; 150 ILg o n da y 49; and '150 ILg on da y 65. Dlood was coll ected 
on day 86. 
P assivc Transfcr of Antibodics to Nconatal Micc Ten milliliters of 
PV patient sera (I1 F titer 1:640) or 10 ml of anti-Osg 3 semm from R.abbit 
1 were mixed with 80 ml of insect cell culture (cell s and media) infected 70 
h earli er with recombinant vims (rcferrcd to as D;:~ 3 ill Figs 5 and 6) or 
wi ld-type baculovirus (re fe rred to as w ll lrol nlltigclI in Figs 5, 6, and 7), and 
incubated for 6 h at room temperature. The solu tio n was centrifuged at 
1 3.000<~ for 30 min. The unbo und antibodies in the supertl;rtant were 
prec ipitarcd with 40% ammoniulll sulfate. dial yzed agai nst 0.1 M PBS, 
lyophili zed. and reconstituted with water to 1 ml (:I 11 0 volume of original 
se rum vo lume) . O ne hundred microli ters of the reconstituted an tibody was 
injected subcutaneously into neonatal l3alblc mice [3,6]. The Illi ce were 
examined '18 - 24 h pos tinjcctio n. C ross scctions containing thc b lister and 
conlp~J'ab lc arcas ill contro l anil11 als were biopsicd and frozen sections 
preparcd for routine hi stologic examination . 
Indirect Immunofiuorcccncc T he concc ntrated antibod)' preparations 
used for passive transfer were diluted 1 :'1 0 with PBS, to represent the 
amou nt of anlibody in the orig inal serUIll, T he antibodies werc tested by 
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Figure 1. eoomassie blue-stained gel showing optimum expres-
sion of full-length Dsg 3 at 70 It postinfection. Twenty micrograms of 
crude insect cell lysate solubilized in 1 % SDS, 10% dimethylsulfoxide, 0.1 
mM CaCI2 in PBS, p.H. 7.4, was loaded onto an 8'1u polyacrylamide gel . as 
described in j\llnter;als al/(/ Merllods . a) Uninfected cell extract (lalle .4), 
wild-type baculovirus-infected (conu'ol) cell extract (/all e B), and Dsg 3 
recombinant virus-infected cell extract (Iall e C). IJ) Dsg 3 recombinant 
virus-infected cell extracts harvested at 65 h (lall e A) , 70 h (/all e B) , and 75 
h (/all e C) postinfection. 
indirect immunofluorecence staining on commercially available monkey 
esophagus (Inova, San Diego, CAl. T he bound antibodies were detected 
using fluorescein iso thiocyanate (FITC)- conjugated goat anti-rabbit IgG 
diluted 1 :40 (Accurate Chemicals and Scientific Corporation, Westbury, 
NY) Or FITC-conjugated goat anti-human IgG diluted 1 :40 (Organon 
Teknika, Cappel Research Products, Durham, NC) as secondary antibodies 
[2]. 
Direct Itnlllunofiuoresccnce Frozen sections of 111QU SC tissue \-"ere 
stained with FlTC-conjugated goat anti-rabbit IgG diluted "1 :20 (Organon 
Teknika, Cappel Research Products) [2]. 
Computer PrograJn "Alignment of two protein sequences" ill the 
PC/GENE, release 6.8 (Intelli Genetics Inc., Mountain View, CAl, was 
used to predict the amino acid homology between the chick N-cadherin 
peptide , used to raise pan-cadherin sera, and the corresponding region on 
the full-len gth Dsg 3. 
Enzyme-Linked Immunosorbent Assay Fifty nanograms of ge l puri-
fied Dsg 3 was coated per well of a 96-well enzyme-linked immunosorbcnt 
assay (ELISA) plate. R.abbit serulll was scriaIly diluted in PBS. 0.05'% 
tween-20. Peroxidase-labeled goat anti-rabbit IgG (Pierce) was lIsed at a 
dilution ofl:.lOOO. AnTS was lIsed as a substrate for developing color [7,8] . 
RESULTS 
Expression of Recombinant Full-Length Dsg 3 in Insect 
Cells High-5 insect cells uninfected or infected with e ither 
recombinant baculovirus containing the eDNA encoding Dsg 3 , or 
the wild-type baculovirus, were lysed, treated w ith high salt buJfe r, 
solubilized, and subjected to SDS-PAGE. The lysa te from recom-
binant virus infec ted cells contained two unique prominent bands 
(115 and 130 kDa) in the expected molec ular weight range for 
native Dsg 3 (Fig la) . The optimum time for maximum expression 
of the protein was 70 h postinfection (Fig lb) . 
The 115- and 130-leDa recombinant proteins fi'om the solubi-
lized high-salt pellet of cell lysates w ere recognized on an immu-
noblot by a pall-cadherill-specific antibody (Fig 2c) raised against a 
conserved cytoplasmic domain of chick N-cadherin [11.] . Based on 
c omputer an alysis, the peptide used to raise the pan-cadherin 
polyclona l serum bad a 44% amino acid ho mology with a con'e-
sponding segment in Dsg 3. These data showed that the recombi-
nant protein sh ares structural similarities, at the prote in le vel, with 
other cadherins. 
Nex.t, w e raised polyclonal rabbit antibodies against a synthe tic 
peptide derived from a highly hydrophilic region ofDsg 3 and used 
it to stain Western blots. Only proteins d e rived [rom the recom-
binant virus infected cell lysate, but not !i.'om wild-type vil'us-
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Figure 2. Anti-peptide and pan-cadherin antibodies specifically 
bind recon,binant Dsg 3 on an iIulnulloblot. Lall es A , B. and C, Dsg 
3 recombinant virus-infected, wild-type baculovirus-infected, and unin-
fected cell extracts, respectively; lall e D . a broad range presta incd molecular 
weight marker. Extracts were stained with anti-peptide rabbit serum at a 
dilution of 1 :50 (a) , with anti-peptide rabbit se rum preincubated with 
uncoupled peptide (b) , or with pan-cadherin serum at a dilu tio n of1 :1 00 (c). 
For detail s see Marerials alld Methods. 
infected cell lysate , rea cted with the antipeptide antibodies (Fig 
2a). Next, the specificity of this inte raction -:as den~ons trated ~vhen 
the binding to Dsg 3 was abrogated by pre-l11cubatmg the antJpep-
tide serum with uncoupled peptide (Fig 2b). This strongly su g-
gested th at the recombinant prote in is Dsg 3. The identi ty of the 
protein w as finally confirme d as Ds~ 3 by s~quencing the amino 
termini . T he sequence £i'om the aml110 ten1l1nus of the llS-leDa 
band showed Met-M et-Gl y-Leu-Phe, which represent the first five 
amino acids of the signal peptide ofDsg 3 pre dicted fr0 111 the cDNA 
sequen ce . Seq uencing of th e amin.o terminus of the 130-,,?a b and 
yielded Glu-Leu- Arg-I1e-Glu, which are the first five am1110 aCids 
of the precursor peptide of Dsg 3 predicted from the cDNA 
sequence . Since the molecular weight of the protein predicted from 
the cDNA sequence is 102- 107 kDa, we reason ed that the high e r 
molecular weight of the recombin ant protein might be du e to 
glycosylation. Sugar analysis on these two form.s of Dsg 3 revea led 
the presen ce of mannose, N-acetylglucoseaml1l e , and galactose, 
indi cating the presen ce of N-linked o ligosacch al;des on the pro-
te ins. The 115-kDa species had 15 .75 pmole/ f.Lg of N-acetylglu-
soseamine, 12 .64 pmolel f.Lg galactose, and 57.98 pm olel f.Lg 
mannose . T he 130-kDa species had 36.58 pmolel f.Lg N-a cetylglu-
coseamine, 32.72 pmolel f.Lg galactose, and 236.12 pmole l f.Lg man-
nose. 
A unique protein of 130 kDa was detected in the concentrated 
culture medium by Coomassie blu e staining of a gel (not shown). 
Since insect cells are known to recognize and cleave the con served 
enzymatic cleavage site of the cadherin precursor peptide [12] , w e 
expected the m edia-derived form to be the most processed (i .e., 
lacking both the si6'11al peptide and the precursor peptide). To test 
this, w e attempted to sequence the amino terminus of the media-
de rived form ofDsg 3, but we w ere un abl e to obtain any sequ ence 
data since the N terminus was blocked. Therefore, th e anti-peptide 
serum was used to confirm the identity of till s pro tein. T he 
anti-peptide serum specifically immunoprecipitated a 130-kDa 
protein, most likely representing Dsg 3 in the m edium. These data 
showed that the medium f1"Om insect cells produ cing recombinant 
D sg 3 contains de tectable amounts of Dsg 3 (Fig 311 , lnrre C). 
Immunoprecipitation with anti-peptide antibody concentrated th e 
Dsg 3 , however, which could then be readil y visualized as a 
prominent band on a Western bloc (Fig 3a, lnllc B) . No protein was 
de tected in the m edium £i'om a culture infected w ith wild-type 
baculovirus (Fig 311. lall c A). In Fig 31" we show that n orm al rabbit 
serum does not react with Dsg 3, indicatin g that the reactivity in 
Fig 3a is specific. 
Adsorption of Pathogenic Antibodies From Patient Sera 
N ext, we tested p a tient sera to see whether th ey can react with the 
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Figure 3. Recombinant Dsg 3 is present in the medium and can be 
immunoprecipitated with anti-peptide serum. Rabbit anti-peptide 
serum was incubated wi th media from either recombinant baculovirus- or 
wild-type baculovirus- illfected cultu res. T hen protein A (Immuno-Preci-
pi tin) was added and centrifuged . T he pellct was washed with PBS, boiled 
in SOS-PAGE loading buffer, and centri fuged at 14.000g for 10 min . 
T he supernatant was subjected to SOS-PAGE and transferred onto nitro-
cellulose. Lalle, A and B, immunoprecipitate of medium fi'om wild-type 
baculovirus-infec ted cells and fro m Dsg 3 recombinant virus-infec ted 
cells, respectively; [aile C, medium from Dsg 3 recombinant vi rus-infected 
cells. Western blots prepared using these immunoprccipi tates were probed 
with anti-Osg 3 serum from Rabbi t 1 (a) , or preimmulle serum of Rab-
bit 1 (iI). 
m edia-derived D sg 3 . Three PV sera samples specifically immuno-
precipitated a 130-kDa pro tei.n from the m edium of recombinant 
virus bu t n o t wild-type virus infected cultures (Fig 4) . The serum 
samples used fo r immunoprecipitation studies had indirect immu-
no flu orescen ce ti ters of1:320 (Iall es A alld D), 1:640 (lalles B alld E) , 
and 1 :80 (lalles C alld F). For subsequ ent adsorption studies, th e 
serum sa mple u sed in lalles B alld E (10 ml) was incubated with 
e ither D sg 3 con taining o r wild-typ e virus infected cultures . T he 
m i:"tures were centrifu ged to p ell et antigen-an tibody complexes, 
and the supernatants were treated with 40% ammonium sulfa te. 
T he precipi tated antibodies w ere reconsti tuted to 1 /1 0 o f the 
orig inal serum volume (1 m1) . On indirect immunofluorescence, a 
1: 1 0 dilution o f serum preadsorbed with Dsg 3 failed to stain 
intercellular spaces strongly (Fig Sb) , willie serum preadsorbed 
with wiJd-type v irus infected cul ture strong ly stained in tercellular 
spaces (Fig Sa) . T his sho w ed that an tibodi es from PV patient serul'n 
th at are ac tive in indirect immunofluo rescence can be removed by 
their reactivi ty with the recombin an t D sg 3. 
N ext, we injected the concen trated antibo dy frac tions into 
neon ata l mice . A U three mice inj ec ted with a PV serum preincu-
bated with a control antigen developed bliste rs (Fig Sc,e) . C on-
versely , none of th e three mice inj ected w ith the p atient PV serum 
preincubated w ith Dsg 3 developed blisters (Fig 5dJ) . T ogether, 
these d ata show ed tha t the recombin an t D sg 3 can specifically 
adsorb bo th m o nkey esophagus-reactive as well as bliste r forming 
antibodies from PV serum. 
Active Induction of Pathogenic Antibodies in a Rabbit with 
Dsg 3 N ext w e used gel-purifIed Dsg 3 to immunize a N ew 
Z ealand White rabbit (Rabbit 1) . After fo ur immunizations with 
the denatured PYA (bleed of day 37) , th e rabbit h ad an ELISA titer 
of 1:102,400 against the immunizin g antigen, but f.1 iled to sta in 
m onkey esoph agus or cause bliste rs upo n passive transfe r into 
n eonatal mi ce at any dilutio n (not sho wn) . W e deduced that the 
immunizing antigen was den atured and thus might n o t contain 
important confo rmation al epito pes , which might be essential for 
the induction o f pathogenic antibodies. T here fore, w e subjected 
D sg 3 to a procedure that has been successfully used to refold the 
tumo r-stimulating hormone and luteinizing hormone receptors 
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F igure 4. Patient sera can immunoprecipitate Dsg 3 from infected 
insect cell culture medium. Insect cell cul ture medium centrifuged at 
2,300g fo r 10 min was iJlitially incubated with three different patient sera, 
and then protein A (Immuno-Precipitin) was added. After further incuba-
tion, the mixtures were centrifuged at 2,300g for 10 min . T he pellets were 
washed twice in PBS and solublized in SOS-PAGE loading buffer. Samples 
were subjec ted to SOS-PAGE, transferred onto ni trocellulose, and probed 
with anti-Osg 3 serum from Rabbi t 1. Lalle, A , B, and C, iml1111nOprecipi-
tates of mediul11 from Osg 3 recombinant virus-infected ce lls; [alles D, E, 
and F, immunoprecipi tates of medium from wild-type baculovirus infected 
ce lls. A and B, B and E, C and F, serum samples from Patients I , 2, and 3, 
respectively. Western blots prepared using these immunoprecipitates were 
probed with the anti-Osg 3 serum fro m Rabbit 1. 
[10,13] and used it to rechaUenge the rabbit . Following immu-
nizatio n w ith a single dose o f "ren atu red" antigen (bleed of 
d ay 73) , the rabbit serum showed an ELI SA tite r o f 1:102,400 
against th e d en atured anti gen , but by indirect immuno flu ores-
cence, the antibo dy reac ted with m o n key esophagus at a dilution of 
1:320 . T herefore, serum fro m day 73 w as preincubated with 
control antigen o r with D sg 3, and tested by indirec t immunoflu-
o rescen ce. Antibodies incuba ted with control antigen showed 
strong reacti vity with mon key esophagus (Fig 6a) , w hiJe the 
antibodies in cubated w ith D sg 3 sho w ed no reactivity (Fig 6b) . 
Since PV patient serum with comparable ti ters on indi rect immu-
n o flu o rescen ce induce gross bliste rs in neonatal mice [4], we 
hypothesized tha t our rabbit anti-Dsg 3 might also indu ce gross 
blisters in neonatal mice . T he refore, w e injec ted these antibodies 
subcutan eously into n eon atal mi ce . All three mice injected with 
serum adsorbed with control antigen develop ed gross blisters 
18 -72 h postinj ection (Fig Sc,e), whereas, none of the three mice 
injected w ith serum adsorbed w ith D sg 3 developed any gross or 
histologic signs o f the disease (Fig SdJ) . Upon direc t immunoflu-
o rescen ce staining for rabbit Ig w e noted a weak reac tivi ty in the 
perilesional areas of the skin (Fig 7) . While no antibody deposition 
w as de tected ill the skin o f mice injected with rabbit anti- D sg 3 
serum prein cubated with D sg 3 . T h ese data show ed that the 
recombinant D sg 3 could induce an tibodies capable of binding 
nati ve D sg 3 and causing bliste rs in neonatal mice. 
DISCU SSION 
In this study, w e h av e expressed a full-l en gth pemphig us vuJgaris 
antigen , D sg 3, with appropriate post-translatio nal m o di fica tions, in 
large amounts using a baculovirus expressio n system . T he ex-
pressed pro tein was identified as D sg 3 by am ino-terminal sequenc-
ing and by its reactivi ty with an an tiserum against a synthetic 
peptide of D sg 3 . T h e bulk of the expressed D sg 3 was cell 
associated , but some was de tected in the m edium. T h e data from 
sugar analyses w ere consistent with the pro te in containing four 
po tential N-linked glycosylation sites predicted from the cDNA 
sequen ce . The 130-kDa prote in represented a more matured form 
of the prote in, containing only the precursor peptide, and appeared 
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to be more heavily glycosylated. Whereas, the 115- kDa protein most 
likely represented a less processed fonn of Dsg 3, containing both 
precursor and signal peptide, and showed incomplete glycosylation. 
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Figure 5 . Recombinant Dsg 3 can ad-
sorb out pathogenic PV antibodies. PV 
serum was preincubated with control antigen 
and used to stain monkey esophagus (A); the 
antibodies were concentrated lO X and in-
jected into neona.tal mice, leading to blister 
fonllation (C, an'oll'), with typical histopa-
thology (E). PV serum was preincubated 
with Dsg 3 and subjected to indirect immu-
nofluorescence on monkey esophagus (B); 
the antibodies were concentrated lO X and 
injected into neonatal mice, which did not 
deve lop blisters (D), and hitologically had a 
normal epidermis (F). For deta.ils see Materi-
als alld Metflods. 
Next, we showed that the recombinant protein could specifically 
remove from PV serum antibodies capable of binding monkey esoph-
agus and causing gross blisters in neonatal mice (Fig 5). Together, 
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Figure 6. Rabbit anti- Dsg 3 antibodies 
induce blisters in neonatal mice upon 
passive transfer. Anti-Dsg 3 serum was 
pre incubated with control antigen and used 
to stain monkey esophag us (A) ; the antibod-
ies were concen trated lO X and injected into 
neonatal mice , leading to blister forma tion 
(C, at1"01I'), with supra basilar lesion (E) . Rab-
bit 1 anti-Dsg 3 serum was preincubated 
with Dsg 3 and subjected to indirect immu-
noflu orescence on m onkey esophagus (8) ; 
the antibodies we re concentrated lO X and 
injected into neona ta l mice , which did no t 
deve lop blisters (D) . and did not have histo-
logic signs o f the di sease (F). For de tail s sec 
Materials alld M ethods. 
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Figure 7. Rabbit anti-Dsg 3 antibodies bind perilesional intercel-
lular spaccs. A biopsy from pCl;lesional mo use tissue was prepared as a 
frozen section and probed w ith FITe -labeled goat anti-rabbit IgG. 
these data showed that the recombinant Dsg 3 is antigel1.ically similar 
to the native Dsg 3. 
This D sg 3 also induced the production of pathogenic antibodies 
in a rabbit. Earlier , PV-like antibodies that bound intercellular 
spaces of monkey esophagus [14] or caused acantho lysis [15] were 
raised only against uncharactcrized ti ssue extracts. A partial1y 
purified 33-kDa human skin-derived antigen, which was PV sera 
reactive, was purified and used to immunize a rabbit [1 6]; the rabbit 
serum caused gross blisters in neonatal mice. Since the target 
antigen in PV has now been identified as a 130-kDa prote in , 
however, the identity of the 33-kDa protein , its relation to Dsg 3 , 
and potential contaminants that might have been in the immuni zing 
antigen rem ain e lusive. 
Earlier studies showed that although recombinant fragments of 
Dsg 3 could be used to enrich for pathogenic antibodies, they could 
not completely rem ove all antibodies capabl e of causing blisters . 
More recently, an eucaryotica Uy cxpressed chimeric protein (PV-
Ig) con taining the cxtracellular domain of Dsg 3 and the constant 
region of human IgG l was shown to adsorb out patll0genic 
antibodies in PV serum [6] . T his indicated that PV-Ig has all the 
e pitopes n ecessary to react with blister-forming PV antibodies, but 
none of these earlier studies reported induction of pathogenic 
antibodies. It is interestin g to no te that PV serum also recognizes 
intracellular segm ents of another desm oglein , D sg 1 [1]. Although 
a similar antibody response has not been shown to intracellular 
segments of Dsg 3 , it is possible that there are additional B- and 
T-cell epitopes within the intracellular segm ent of Dsg 3, w hich 
mjght be important for either production or modulation of patho-
genjc antibody responses. Our data showed that the full-length 
glycosylated l"Ccombillant Dsg 3 is sufrl cicnt to induce a pathogenic 
antibody response and thus contains all B- and T - cell epito pes 
r equired for this response. 
Histopathological examinatio n of frozen section s of thc blis ters 
induced by rabbit Ig showed supra basilar separation o f ce lls . Les ions 
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induced by the rabbit serum, however, were hjgher within the 
epidermis (Fig 6) compared with the lesions ca used by patient 
antibodies (Fig 5) . This observation appears to be analogous to the 
lesions no ted by Anhalt el nl wb en they treated mice with di fferent 
patient IgG [2] . In thei r study, three distinct histological pattem s 
were no ted. One w as typical of PV with supra basilar separation, 
second type oflesion consisted of acantllOlytic epidermal cells with 
infLltration of inflammatory cells, and the thjrd type consisted of 
epidermal cell necrosis in the subgranular-cell layer. T lus last les ion 
was noted only in mice given lugh er amounts of IgG (i.e., > 12 m g) 
and was thought to be due to the cytotm,,;c effects of the antibody. 
Therefore, thc lesions w e have seen in mice given either human or 
rabbit Ig are consistent with these observations in that they 
exhjbited first and third types of lesions, respectively, described by 
Anhalt el nl; however, none of the lesions examined had any 
inflammatory cells. Some differences noted between lesions in-
duced by human and rabbit Ig could be due to species differences o r 
differences in natural V /S induced antibodies. A detailed ch arac-
terization of the lesion in mice g iven different doses of antibody 
from different sources could lead to a better understanding of the 
role of antibodies to Dsg 3 in the pathogenesis of PV. 
Immunization of a rabbit with purified denatured Dsg 3 induced 
large amounts of antibodies that .reacted in an ELISA with the 
denatured protein, but could not bmd monkey esophagus o r ca use 
blisters in neonatal mice. Upon immunization with Dsg 3 subjected 
to a renaturing protocol, however, the rabbit serum reacted w ith 
monkey esophagus at a titer of 1:320 and caused gros~ blisters ~1 
neonatal mice. There are at leas t three pOSSibl e expl anations for thlS 
finding. First. the fifth immllluzation could have simply lead to th e 
production of mo re antibodies, but tlus is unlikely because the 
ELISA titer rem ained th e same subsequent to the fourth and fifth 
immuniza tions. Second, the fifth immunjzatio n could have induced 
further affinity m aturation of the anti-Dsg 3 response, irrespective 
of the conformation. T hjrd , it is like ly that the "renaturcd" Dsg 3 
contained important epitopes not present on the denatured Dsg 3, 
leading to a pathogenjc antibody .respons~. I.n light of the impor-
tance of conformation for PV antibody bl11dmg [5 ,6] and the fact 
that antibody levels against denatured Dsg 3 w as identical in both 
bl eeds, it is more likely that immunizations with denatured P:' A 
primed the T cells. Since ~he B .cel~ rece.pto~. can rec~~l1lze 
conforma ti onal epitopes, the ImmUniZa tion WIth renatured Dsg 
3 either activated or caused selective expansion of B-cell clones, 
wluch produced pathogcluc antibodies. Irrespective of th e m echa-
nism our data clearly show that the recombi.nant D sg 3 can be used 
to induce pathogenic antibodies . Availabili ty of this protein in large 
am o unts sho uld facilitate studies aimed at understanding the patho-
genesis of PV, with implications for Dsg 3-specific inll11Ul1othera-
pies. " . 
We have shown that the recombmant Dsg 3 IS recogl1Jzed by a 
pan-cadherin ant.iserum. Since categoriza tion of Dsg 3 in t1:e 
cadherin family has thus far been based on DNA sequence motifs 
[3], our data (Fig 2c) represent serologic recognition of Dsg 3 as a 
cadherin. Mo reover, Dsg 3 represents the fi rst full-length speCIes of 
the cadherin fa mily of adhesion molecu les to be produced in 
relatively large amounts. Serologica l cross-reactivity suggests that 
the recombinant protein is structurally similar to native Dsg 3. 
T herefore, the recombinant protein could perhaps be used for 
structural biology studi es and thus serve as a paradigm fo r cadherin 
structure. 
Wc I/wII'" Dr. ) 0/111 R . Stnllle)' fo r !,('()\Iidill,!; liS "'illl til e eDNA for PVA "lid jor 
rCll icJllillg this IlI a llllsen)JI; Dr. R.alldnll M. Coldb/ll11t for his illsigh(frrl .<rlggcstioIlS 
alld ,flOroJlgh rCll iclI' oJ this m""uscripl ; Dr. S. P"c",klllllnr C hristndoss a"d Sa; A. 
Pntibfll ldlaJor tlleir critical repieJII of til is malrtl scri!'t; S /l lI/lIIaz Qlladerr alld Michele 
Cll ristiallSCII for tlleir tCc/lll ienl assiST a lice; alld Drs. Palll Fe" ,."eylwlIg/, nlld R.amoll 
Snllcll czJor rcv icII1illg histologic scrr iolls. T his ,/lork was SlIppol1cd b)' (h ej ames MI. 
N/cLalls illill Fell(J/IIslli!, Flllld . 
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